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Abstract
Quaternary stratigraphy and geomorphology were investigated by using aerial photo inter-
pretation, digital elevation models and stratigraphical studies in southern Finnish Lapland. 
The development of glacial morphology was examined by reconstructing glacial flow pat-
terns and subglacial conditions with emphasis on glacial dynamics. By comparing the climate 
history and available chronological data the ice-sheet development during the Weichselian 
was modelled in the area. Also, the Quaternary lithostratigraphy with descriptions, formal 
names and type sections of the Peräpohja Group was proposed.
Glacial morphology with clear indication of glacial flow directions represents two Weich-
selian glacial advances in the area of southern Finnish Lapland. The older, northwest-south-
east oriented glacial movement was seen as a drumlin field and was preserved under a 
later cold-based ice sheet. A west-east oriented landform assemblage of ribbed moraines, 
drumlins and flutings mainly indicated the younger glacial phase. Of the age of ice sheet 
development during the Weichselian two alternative interpretations have been presented: 
In the first model, the first glacial advance occurred during the Early Weichselian and was 
followed by interstadial about 85–74 ka ago. The Middle and Late Weichselian glaciation 
was continuously covering southern Finnish Lapland after that. The second model includes 
a new interpretation, in which the first glacial advance that reached the area is connect-
ed to the beginning of the Middle Weichselian. Ice-free interstadial occurred about 50–30 
ka ago before the Late Weichselian glacial advance, when the Weichselian maximum was 
reached.
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1. Introduction
The area of Peräpohjola, in southern Finnish Lap-
land is situated in the centre of areas glaciated during 
the Weichselian age (Fig. 1). Core areas of the Fen-
noscandian glaciers repeatedly existed in the Norwe-
gian and Swedish mountain area. In the eastern sec-
tor, the ice margin proceeded as far as the northwest 
Russian Plain during the Late Weichselian Maximum 
(LGM, 25–9 ka). Before that, several glacial phas-
es were developed during the Early (117–75 ka) and 
Middle (75–25 ka) Weichselian, but not in such a 
large volume (cf. Svendsen et al., 2004). At the same 
time, large ice sheets with variable dimensions also 
existed in northern Russia and North America.
Glaciated areas can be distinguished studying the 
geomorphology composed of depositional and ero-
sional formations during several glaciations. Subgla-
cial conditions with glacial dynamics are factors that 
have an influence on active ice, subglacial bedform 
generation and the preservation of earlier morphol-
ogy (e.g. Bouchard, 1989; Menzies & Shilts, 1996; 
Clark, 1999; Evans & Rea, 1999; Hart, 1999). In 
suitable subglacial conditions, for example under ac-
tive ice lobes, the landform associations of drumlins, 
flutings and ribbed moraines can be developed (e.g. 
Aario, 1977a; Lundqvist, 1969, 1989). Instead, when 
the ice sheet has its’ largest extent, the core area re-
mains cold-based, which helps preserve older glacial 
morphology (Kleman, 1994; Kleman & Borgström, 
1996). In many research papers (e.g. Kurimo, 1974, 
1982; Sutinen, 1992; Kleman & Borgström, 1996; 
Clark,  1997;  Hättestrand,  1997;  Punkari,  1997; 
Boulton et al., 2001; Kleman et al., 2001), glacial 
Fig. 1. The study area location and the test sites together with a generalized bedrock map of the Peräpohja Schist 
Belt in southern Finnish Lapland. Layered intrusions 2.44 Ga are marked as black areas. Modified after Perttunen 
et al. (1997). Topographic features © National Land Survey of Finland, permission number 54/LA/05.    Weichselian stratigraphy, geomorphology and glacial…  73
landforms and their relation to certain depositional 
conditions were used to reconstruct ice sheets dynam-
ics in the Northern Hemisphere.
Glacial flow patterns based on till fabrics and stri-
ae, together with till stratigraphy were used to re-
construct ice sheet development during the former 
glaciations. By correlating microfossil spectra of the 
inter-till layers the glacial chronology was created. 
The works of Kujansuu (1967), Aario & Forsström 
(1979), Hirvas (1991) and Nenonen (1995) are good 
examples of regional glacial geological investigations 
in Finland. Aario (1977a, 1990) has also put forward 
a classification of glacial landforms and their associa-
tions in northern Finland. But, a lack of reliable dat-
ing methods for interglacial or interstadial deposits 
has been problematic when studying earlier Weichse-
lian stages. In Finland, dating is mainly based on ra-
diocarbon dates and climate indications from micro-
fossil content (cf. Hirvas & Nenonen, 1987; Hirvas, 
1991; Nenonen, 1995; Saarnisto & Salonen, 1995), 
although the use of radiocarbon dating is limited to 
organic material younger than 45–50 ka. When suit-
able clastic, sorted sediments occur, thermolumines-
cence (TL) and optically stimulated luminescence 
(OSL) methods are useful for dating. These meth-
ods have also been used in Finland but concentrat-
ed mainly in southern and central areas (cf. Jungn-
er, 1987; Niemelä & Jugner, 1991; Hütt et al., 1993; 
Nenonen, 1995). Some radiocarbon (Korpela, 1969; 
Kujansuu, 1975; Siivonen, 1975; Mäkinen, 1979; 
Hirvas, 1991; Sutinen 1992) or TL and OSL (Pun-
ning & Raukas, 1983; Hütt et al., 1984; Mäkinen, 
1999) dates have also been published from the south-
ern Finnish Lapland area.
The first investigations of Quaternary geology dat-
ed back to the beginning of the 1900’s in northern 
Finland. For example, the works by Rosberg (1908) 
and Tanner (1915, 1930) were pioneer studies of geo-
morphology and stratigraphy in the area, describing 
different till units and esker systems. Tanner (1938) 
was also the first suggesting an ice-free stage during 
the Weichselian glaciation.
During the 1950’s and 1960’s, several studies on 
till stratigraphy were carried out in northern Finn-
ish Lapland (e.g. Penttilä, 1963; Kujansuu, 1967). 
Deep sections were in use in the Peräpohjola area 
when the excavations for the construction of hydro-
electric power plants were done in the Kemijoki ba-
sin. In these sections Korpela (1969) found organ-
ic deposits and sorted minerogenic sediments in be-
tween two till beds. Based on the Betula dominant 
microfossil content and 14C age estimates, clustering 
around 40–50 ka ago, Korpela (1969) introduced the 
presence of an ice-free but quite cold substage known 
as the Peräpohjola Interstadial. This warmer stage was 
later correlated with the Brørup Interstadial in studies 
by for example Donner et al. (1986), Hirvas & Ne-
nonen (1987) and Hirvas (1991).
A comprehensive program of stratigraphical stud-
ies was carried out in the 1970’s over northern Fin-
land (Kujansuu, 1976; Hirvas, 1991), covering Finn-
ish Lapland down to Rovaniemi in the south. Hir-
vas (1991) presented six glacial flow stages suggest-
ed to represent different glacial phases. Of these, only 
three phases were present in the stratigraphic record 
of southern Finnish Lapland (Hirvas, 1991; Sutinen, 
1992) and the number of stadials and interstadials 
is still debatable. One researcher group suggests that 
only one Weichselian glacial advance existed, which 
covered most of Fennoscandia from the end of Eemi-
an interglacial to the end of Late Weichselian deglaci-
ation (e.g. Aario & Forsström, 1979; Punkari, 1984; 
Forsström, 1991, 1995; Punkari & Forsström, 1995). 
This interpretation also presumes that all organic in-
ter-till beds are redeposited interglacial deposits, and 
that ice-free periods have not existed during the last 
glaciation. The second group presents that two gla-
cial advances occurred during the Weichselian (e.g. 
Hirvas, 1991; Nenonen et al., 1991; Sutinen, 1992; 
Iisalo, 1992, 2003; Nenonen, 1995), divided by the 
Peräpohjola Interstadial. Furthermore, as a result of 
the latest investigations, it has been proposed three 
separate glaciations during the Weichselian in east-
ern Fennoscandia (Mangerud, 1991; Helmens et al., 
2000; Svendsen et al., 2004).
The area investigated (Fig. 1) includes seven de-
tailed study areas. The first aim of the work was to 
study the characteristics of till and glacial morpholo-74  P. Sarala
gy and to compile glacial stratigraphy of the Weich-
selian glaciations/deglaciations in the area. Second-
ly, the results from the area have been used as a refer-
ence for the regional geomorphology in the southern 
Finnish Lapland area where the glacial history and 
dynamics have been reconstructed. The Quaternary 
lithostratigraphy with descriptions, formal names and 
type sections has been proposed. The stratigraphy of 
the Weichselian glacial deposits is also discussed.
2. Bedrock and its relief
The bedrock of the study area belongs mainly to the 
Paleoproterotzoic Peräpohja Schist Belt (Fig. 1), situ-
ated between the Archean Pudasjärvi Granite Gneiss 
Complex in the south and the Paleoproterotzoic Cen-
tral Lapland Granitoid Complex in the north. At the 
southern boundary, a chain of layered mafic intru-
sions exists.
The Peräpohja Schist Belt is composed of metased-
imentary rocks and several volcanic formations (Pert-
tunen, 1989, 1991; Perttunen & Hanski, 2003). The 
sedimentary rocks mainly consist of dolomites, mica 
schists, quartzites and conglomerates. Volcanic rocks 
include tholeiitic basalts, mafic tuffites and acid vol-
canic rocks. Mafic diabase dikes and sills are com-
mon, particularly in the quartzite units.
The bedrock of the Peräpohja Schist Belt has only 
a minor influence on the relief in large areas (Fig. 
2). In many places, structural features like schistos-
ity and tectonic movements control the morphol-
ogy. The Kemijoki River, which flows through the 
study area, is situated on the northwest-southeast ori-
ented fracture structure and forms the zone of topo-
graphic minimum (63 m in the northeast and 29 m 
in the west above sea level (a.s.l)). The quartzites form 
the highest hills (e.g. Pisavaara 265 m and Vamma-
vaara 228 m a.s.l), which clearly stand up from the 
Fig. 2. A relief map of the area based on the elevation model. Streamlined glacial morphology is seen on the north-
ern side of Kemi and Ranua and eastward from the town of Rovaniemi. The boundary between the Peräpohja Schist 
Belt and Pudasjärvi Granite Gneiss Complex is also seen as the Kivalot hill chain in the middle of the area. Eleva-
tion data © National Land Survey of Finland, permission number 54/LA/05.    Weichselian stratigraphy, geomorphology and glacial…  75
surrounding area. In the southern parts, where the 
difference in height is about 40–50 m, the topogra-
phy is steeply rising to the south when crossing the 
Kivalot hill chain. The granite gneisses of the Pudas-
järvi Complex again form only a gently rolling relief 
in the south. Contrary to that, the granitoids in cen-
tral Lapland form a hill and fell area with highly vari-
able topography.
3. Methods
Aerial photographs and digital elevation model data 
have been used to identify different glacial and post-
glacial landforms and their distribution in the study 
area. Black and white 1:60 000 photographs were 
available for the whole study area. Four principle 
landform types were mapped: a) landforms indicating 
glacial flow direction (ribbed moraines, drumlins and 
flutings), b) other moraine types (non-oriented hum-
mocks, ground and cover moraine areas) (cf. Aario, 
1977a), c) eskers and other glaciofluvial deposits and 
d) post-glacial shore deposits.
Detailed fieldwork, including tractor excavations, 
was done at seven test sites. Till structure, fabric and 
striae orientations, together with sampling for grain 
size, geochemical, heavy mineral, pebble and surficial 
boulder composition/roundness analyses were used to 
estimate glacial debris transport directions and distanc-
es and to clarify the till stratigraphy at the test sites. 
In places supplementary bedrock mapping was carried 
out to help estimate transport distances. Furthermore, 
all available data from earlier works was compiled, for 
Fig. 3. Map of Quaternary deposits in the study area. Ribbed moraines and younger drumlins are common in the 
northern part of the area. In the southern part, cover moraines and older drumlins are more common. Topograph-
ic features © National Land Survey of Finland, permission number 54/LA/05.76  P. Sarala
example, striae and fabric observations done during 
earlier mapping and prospecting works with GIS soft-
ware. All available chronological data was used to com-
pare stratigraphical and palaeo-ice sheet evidence with 
emphasis on glacial morphological evolution and time-
transgressive ice sheet reconstruction.
4. Glacial morphology and flow di-
rections in the study area
4.1. Morainic landforms
Both parallel and transverse elements are present in 
the glacial morphology of the study area (Fig. 3). Un-
der the active glacial flow, the glacier eroded bedrock 
and  also  deposited  morainic  landforms. The  ero-
sion forms, like rock drumlins and large, streamlined 
hills, indicate dominant glacial flow from the west 
to the east. Striae observations support that interpre-
tation, particularly in the northern part of the area. 
In the south, glacial flow direction from the north-
northwest or the northwest is dominant. In places, 
northern and western flow directions are seen in the 
same outcrops as cross-striae. A few observations of 
the crescentic trough (cf. Aario, 1977b) at the prox-
imal, mainly western sides of the highest hills have 
also been done in the area.
The study area can be divided into two parts ac-
cording to observed glacial activity. Active ice forms 
like transversal ribbed moraines are the most domi-
nant landforms in the north (Fig. 3). Ribbed moraines 
(Fig. 4) exist as uniform fields on lowland areas and 
are mainly composed of Rogen moraine or hummocky 
ribbed moraine types (cf. Hättestrand, 1997; Sarala, 
2003), but minor ribbed moraines also occur in the Si-
htuuna area (cf. Aario et al., 1995, 1997). Ribbed mo-
raines form together with drumlins and flutings as as-
semblages of active ice morphology (cf. Aario, 1977a, 
1990;  Lundqvist,  1969,  1989)  (Fig.  4).  Quartzite 
hills or hill areas occurring transversal to the gener-
al glacial flow break the uniformity of the ribbed mo-
Fig. 4. The occurrence of drumlins and ribbed moraines in southern Finnish Lapland. The places mentioned in text 
are: 1) Sihtuuna, 2) Kauvonkangas, 3) Portimojärvi and 4) Iso-Syöte.    Weichselian stratigraphy, geomorphology and glacial…  77
raine-drumlin field. Southern parts of the area indi-
cate a more passive glacial activity during the latest gla-
cial phase. A cover moraine (cf. Aario, 1977a) is the 
main landform type and it follows the bedrock surface 
forming gently undulating topography surrounded by 
mires. A partition of ground moraines increases to the 
south. In the southeast part of the area, drumlins occur 
with a northwest-southeast orientation. They are part 
of a large drumlin field in between the town of Kemi 
and the village of Ranua (Fig. 4).
4.2. Glaciofluvial deposits
Eskers and other glaciofluvial deposits are common 
in the north and in the middle of the area (Fig. 3) and 
indicate the trends of glacial flow direction during the 
last stages of deglaciation. Initially, the flow was from 
the west in the eastern part of the study area. As the 
margin retreated, the glacial flow direction changed 
to west-northwest (280°–290°). The trend was also 
supported by fabrics in till and indicates the behav-
iour of ice lobes during the last deglaciation.
The esker chain at the northern side of the Kivalot 
(hill chain) deviates from the general glacial flow di-
rection (Fig 5). The hill chain directed meltwaters to 
flow in proximal contact with the hill chain and thus 
the uniform, east-west oriented esker chain turned 
to the northeast at the eastern side of the study area. 
Farther to the east, the esker chain reached the Kemi-
joki basin (Fig. 5). During that time, the modern Ke-
mijoki basin worked as a meltwater channel toward 
the east and southeast. It was not until the water lev-
el of the early Baltic Sea (Litorina Sea) decreased to 
a level below the centre of Rovaniemi 7 800–7 400 
years before present (Saarnisto, 2005) that the mod-
ern Kemijoki River started to flow toward the south-
west. In places, the west-southwest directions of stri-
ae, fabric and eskers in the middle of the study area, 
Fig. 5. The occurrence of eskers, glaciofluvial and fluvial deposits in southern Finnish Lapland. The areas above the 
highest shoreline of Ancylus Lake have also been marked on the map. Eskers of different ages have been separated 
from each other by colors; classification is based on Johansson (2005) and the reference within.78  P. Sarala
Fig. 6. Glacial flow directions, ice streams and the location of known, mainly till-covered marginal formations in south-
ern Finnish Lapland. The places mentioned in text are: 1) Sihtuuna, 2) Kauvonkangas, 3) Korttelivaara.
on the northern side of Kivalot, may be due to local 
glacial flow toward the east-northeast during the lat-
est retreating stage.
Since  the  meltwater  channel  existed  along  the 
northern side of Kivalot, esker and other glacioflu-
vial formations are minor on the areas south to the 
hill chain. Only a few north-south oriented and till-
covered esker chains exist. Further to the south, es-
ker chains seem to begin to grow once again toward 
to the southeast (Fig. 5). Later, under the influence of 
pro-glacial Ancylus Lake, the early stage of the Baltic 
Sea, the ice sheet melted away forming any specified 
moraine formations or marginal deposits. Different 
directions of esker chains on the northern and south-
ern side of Kivalot also reflect the existence of sepa-
rate ice lobes with different glacial dynamics.
4.3. Marginal formations
Based on the till stratigraphy and the existence of or-
ganic inter-till layers, Mäkinen (1985) and Sutinen 
(1992) presented several marginal complexes older 
than the Late Weichselian glaciation from southern 
Lapland (Fig. 6). Tills from the last glacial advance 
mostly covered the complexes. Sutinen (1992) pre-
sented that the ice margin reached not farther than 
on the southern side of the town of Pudasjärvi from 
the north and is followed by a series of smaller for-
mations closer to the ice-divide (towards the north-
west) during the retreat phase. One of the margin-
al formations is situated in the middle of the study 
area (Fig. 6). The complex passes through Kauvon- 
kangas near the village of Tervola and continues to the 
northeast. Kauvonkangas is known for Betula domi-
nant peat layers of the Peräpohjola Interstadial with-
in the glaciofluvial deltaic/esker complex, which ex-
ists as an inter-till deposit between two uppermost till 
beds in section (Mäkinen, 1979). Radiocarbon dates 
have given results of about 48 ka for peat (Mäki- 
nen, 1979), TL age estimations have been 74 ka and 
120 ka for silts and sands beneath the peat and 55 ka 
for sands below the peat (Punning & Raukas, 1983).     Weichselian stratigraphy, geomorphology and glacial…  79
Fig. 7. Quaternary depos-
its, topography and loca-
tion of test pits in the 
Petäjävaara  area. Topo-
graphic features © Na-
tional  Land  Survey  of 
Finland, permission num-
ber 54/LA/05.
Two OSL dates have given results of 57 +/- 5 ka for 
silt and 66 +/- 5 ka for sand beneath the peat (Mäki-
nen, persunal commun. 2005).
During the latest deglaciation, the retreating phase 
was rapid and continuous and, together with the wa-
ter body in front of the ice sheet, marginal formations 
were not formed (cf. Boulton et al., 2001). The high-
est shoreline of pro-glacial Ancylus Lake was at its 
highest about 215–219 m a.s.l.
5. Description of the study sites
5.1. Petäjävaara
The Petäjävaara site is situated on the eastern side 
of the Kemijoki River, about 30 km southwest of 
the centre of Rovaniemi (Fig. 7). The main working 
area is along the western slope of the Petäjävaara hill, 
about 70–90 m a.s.l. The landscape is composed of 
mires and rocky outcrops near the river and Rogen 
moraine ridges perpendicular to the last glacial flow 
direction with a bouldery surface on a higher level (cf. 
Sarala et al., 1998; Sarala & Rossi, 1998). The top of 
the hill, which rises above 217 m a.s.l., is almost total-
ly covered by shore deposits of the Ancylus Lake.
Two till units have been observed in the area (Fig. 
8). The lower one (Fig. 9) was deposited under glacial 
flow from a north-northwest direction and consists 
of till material transported over a long distance. The 
massive structure with some fissility indicates deposi-
tion subglacially, mostly as lodgement till under thick 
ice depositional environment. The upper till unit 
with western or southwestern fabrics is composed of 
boulders and debris transported over a short-distance 
indicating deposition of the subglacial ice lobe phase. 80  P. Sarala
Fig. 8. Composition profiles of test pits and stratigraphical interpretation of sedimentary units in the test sites.    Weichselian stratigraphy, geomorphology and glacial…  81
Fig. 9. Two till units in test pit M10a at the Petäjävaara 
site. The boundary between till units exists above the 
scale sign.
Fig. 10. Bouldery till in test pit M1 at the Petäjävaara site.
Particularly, boulders and rock fragments in a surfi-
cial till unit (Fig. 10) and above the ridges represent 
very short transportation resulting from strong glacial 
gouging action at the end of deposition. Glacial flow 
directions are also seen in the striation, where western 
directions are most common.
5.2. Vammavaara
Vammavaara is one of the highest hills (about 228 m 
a.s.l.) in the study area. The top has been in a supra-
aquatic position, while the highest shoreline reached 
about 215 m a.s.l. during the Ancylus Lake stage. The 
main working area is along the southern side of the 
hill 60–120 m a.s.l (Fig. 11). Ribbed moraine mor-
phology is dominant in the middle of the site and a 
cover moraine and dead-ice hummocks are also pres-
ent in southern parts (Sarala et al., 1998).
The ribbed moraine ridges consist mainly of hum-
mocky  ribbed  moraines  and  Rogen  moraine  types 
composed of three till units (Fig. 8). The lowest unit 82  P. Sarala
Fig. 11. Quaternary deposits, topog-
raphy and location of test pits in the 
Vammavaara area. Topographic fea-
tures © National Land Survey of Fin-
land, permission number 54/LA/05.
Fig. 12. Compact, bluish grey till in test pit M20 at the 
Vammavaara site. Contact to the upper shore deposit 
is sharp above the scale sign.    Weichselian stratigraphy, geomorphology and glacial…  83
is a dark bluish grey till with a very dense package (Fig. 
12). The overall feature is a massive structure with 
some fissility or fine-grained laminae occurring in the 
upper parts of the unit. The matrix is fine-grained sand 
and relatively clay-rich (7 %). Pebbles are rounded and 
composed of a wide variety of rock types mostly indi-
cating long glacial transport from a north-northwest 
direction. The second, sandy till unit was deposited 
under glacial flow from the west-northwest including 
lenses of bluish grey till. It has mainly composed of far-
travelled debris. A massive structure with some fine-
grained laminae and sand lenses indicates subglacial 
deposition, mostly as lodgement till. The upper till has 
a variable composition and structure. Fabric analyses 
showed that glacial flow was from the west to the east. 
Contact between the till units is sharp (Fig. 13).
In western parts, glacial erosion was effective be-
cause a crescentic proximal trough (in Fig. 11) was 
formed (cf. Aario, 1977b). As a result, the glacier re-
moved surface of the bedrock. The transported ma-
terial was deposited into the ribbed moraine ridg-
es on southern side of the Vammavaara hill so that 
the amount of fine-grained material decreases to-
wards the east. In the western part, an intermediate 
layer of till material existed consisting of weathered 
bedrock that was fully composed of mafic volcanic 
rocks deriving from the bedrock only a few hun-
dreds of meters to the east. The proportion of local 
rock fragments in the uppermost till and at the sur-
face of the ridges was still characteristic of the ribbed 
moraines. 
5.3. Petäjäskoski and Louepalo
The Petäjäskoski (Fig. 14) and Louepalo (Fig. 15) 
sites are situated in the middle of the study area that 
is typical area for Rogen moraines. Both sites are on 
a lowland area (70–90 m a.s.l.), only a few kilome-
ters from the Kemijoki River to the west. The bed-
rock is composed of mafic volcanic rocks, diabases 
and quartzites in the Petäjäskoski area (Perttunen & 
Hanski, 2003). However, the Louepalo site is situated 
over dolomite bedrock. At both test sites, the till unit 
observed in the test pits is composed of sandy matrix 
with western till fabrics and a short transport distance 
for the rock fragments (Fig. 8).
5.4. Kivimaa
The glacial morphology at the Kivimaa site is com-
monly composed of only one meter or less thick till 
cover, although in depressions and mires the thick-
ness can be several meters. The topography of the 
Kivimaa hill is gently rolling and the till cover is due 
Fig.  13.  Sharp  contact  be-
tween  two  uppermost  till 
units in test pit M25 at the 
Vammavaara site.
Fig. 14. Quaternary deposits, topography and 
location of test pits in the Petäjäskoski area. Top-
ographic features © National Land Survey of 
Finland, permission number 54/LA/05.84  P. Sarala
Fig. 14. Quaternary deposits, topog-
raphy and location of test pits in the 
Petäjäskoski area. Topographic features 
© National Land Survey of Finland, 
permission number 54/LA/05.
Fig. 15. Quaternary deposits, topog-
raphy and location of test pits in the 
Louepalo area. Topographic features © 
National Land Survey of Finland, per-
mission number 54/LA/05.    Weichselian stratigraphy, geomorphology and glacial…  85
to the major topographical depression of the underly-
ing bedrock (Fig. 16). The uppermost till unit is com-
posed of loose and massive sandy till (Fig. 8) with fab-
rics and striae showing the glacial flow from the west. 
The till changes to bouldery and clast-supported till 
material (Fig. 17) resembling weathered crust under 
a depth of 1–2.5 m. The petrographic composition 
of angular boulders and other rock fragments is al-
most totally the same as in the underlying diabase. 
The bouldery surface of the lower till is the effective 
limit for till sampling.
5.5. Sihtuuna
The Sihtuuna area was interesting because the ridge 
morphology perpendicular to the latest glacial flow re-
Fig. 16. Quaternary deposits, to-
pography and location of test pits 
in the Kivimaa area. Topograph-
ic features © National Land Sur-
vey of Finland, permission num-
ber 54/LA/05.
Fig. 17. Bouldery, clast-supported till ma-
terial in test pit M71 at the Kivimaa site. 
The rock type of angular boulders and 
other rock fragments is almost totally 
the same as in the underlying diabase 
bedrock.86  P. Sarala
Fig. 18. Quaternary deposits, topography and location of test pits in the Sihtuuna area. Top-
ographic features © National Land Survey of Finland, permission number 54/LA/05.
Fig. 19. Stratified sands above bluish grey till unit in sec-
tion M124 at the Sihtuuna site. Gravelly till and shore 
deposit cover the sands.    Weichselian stratigraphy, geomorphology and glacial…  87
sembles Rogen moraines (Fig. 18). An assemblage was 
named the Sihtuuna moraine by Aario et al. (1995). 
The Sihtuuna assemblage covers about 10 km2 but 
separate ridges are relatively small in scale; several hun-
dreds of meters long, some tens of meters wide and 3–
5 m high. The ridges are composed of several strati-
graphical units (Fig. 8). On the bottom is a bluish grey 
till unit with a consolidated, sandy or fine-grained ma-
trix. It is massive in structure and the pebble orien-
tation shows glacial flow from the northwest. Round 
pebbles with a large variation of petrographic compo-
sition indicate a distant source for debris.
The stratified sand deposit with planar bedding 
or small-scale cross-lamination exists above the bot-
tommost till unit (Fig. 19). For example, in test 
pit M124 (Fig. 18) beddings gently dip to the east 
(80°; dip 5°–10°) or the northeast (50°; dip 15°). 
The sand deposit is 1–2 m thick and has been ob-
served in many test pits. Stones are rare although 
some drop stones exist in the upper parts of the sed-
iment unit. The uppermost part of the sand deposit 
is glacially deformed and includes, for example, gla-
ciotectonic shear planes and faults that have been af-
fected by the glacier.
The second till unit follows sands in succession. 
The matrix of this till unit is sandy or even gravel-
ly, although the composition and structure are het-
erogeneous; many sandy lenses and layers together 
with fine-grained laminae occur (Fig. 20). The lens-
es and layers typically include glaciotectonic defor-
mation structures like shear planes and faults. Some 
thicker lenses include bagged features, which are sim-
ilar to involution structures caused by cryoturbation 
(Fig. 21). These features are typically formed under 
periglacial conditions (cf. Lagerbäck, 1988b). They 
cannot have formed after the Late Weichselian, be-
cause the area was submerged thousands of years af-
ter deglaciation. Also, during the Holocene the cli-
mate did not favor the formation of those structures. 
In the upper parts of the second till unit has a gravel-
ly, stratified sediment layer or gravelly, pebble rich till 
material that was found in many test pits.
The composition of the uppermost part of the 
ridges, from the depth 1–1.5 m to top, is gravelly and 
heterogeneous in its structure (Fig. 19). In places, till 
is hard to distinguish from the shore deposits. Mate-
rial can be classified as till when it is debris-support-
ed and has features like fine-grained laminae, shear 
planes and faults as a marker of glaciotectonic defor-
mation. If material is gravelly, massive in structure 
and mainly clast-supported, it can be the shore de-
posit of the later Ancylus Lake. The great amount of 
local boulders both in the uppermost unit and at the 
surface is a reminder of relation to ribbed moraines.
Fig. 20. Sandy layers in between till units in section M128 
at the Sihtuuna site.
Fig. 21. Faulted sand lens with involution structures at 
a depth of about 1.5 m in section M127 at the Sihtuu- 
na site.88  P. Sarala
Cross-sections through the ridges prove that the 
Sihtuuna moraines are depositional formations, not 
push or squeeze forms. Structures and beddings in 
the sedimentary units and upper tills evenly follow 
the outer ridge form. Due to the sandy or even gravel-
ly matrix of upper tills with sandy lenses and interme-
diate layers, one of the sources must have been strat-
ified sediment. Since the formation process of ribbed 
moraines favors quarrying (cf. Aario & Peuraniemi, 
1992; Sarala & Rossi, 1998, 2000), the sandy mate-
rial in upper tills is mostly a result of redeposition of 
sediments between the ridges. Part of the sandy lens-
es and layers may also have been deposited because 
of the melt-waters and mass-flow of sediments exist-
ing during formation (cf. Aario et al., 1997). Due to 
the lack of relation with drumlins or drumlinized ele-
ments and the more narrow and lower shape, Sihtuu- 
na moraine ridges cannot be directly compared with 
Rogen moraines, but the description is suitable for 
minor ribbed moraines (cf. Hätterstrand, 1997).
Fig. 22. Quaternary deposits, topography and lo-
cation of test pits in the Korttelivaara area. Top-
ographic features © National Land Survey of 
Finland, permission number 54/LA/05.
Fig. 23. Till-covered sandy deposit in section M92 at the 
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5.6. Korttelivaara
The Korttelivaara test site is the only one situated on 
the Archean Granite Gneiss area (Fig. 22). The dis-
tance to the Peräpohja Schist Belt is about five ki-
lometers towards the last glacial flow direction. The 
surface of the bedrock is gently undulating and the 
overlying glaciogenic sediments form the cover mo-
raine morphology.
Till stratigraphy is mostly composed of three till 
units (Fig. 8) of which the lower one is compact blu-
ish grey, relatively clay-rich (7 %) till with far-travelled 
pebbles oriented from the northwest to the south-
east (cf. Vammavaara and Sihtuuna site). The second 
till unit is compact grey sandy till with sandy lens-
es and laminae. Shear structures and faults are com-
mon in upper parts of the unit. Pebbles are rounded 
having great partition of rock types travelled far from 
the Peräpohja Schist Belt instead of local granites. As 
compactness and structures show, these tills were de-
posited mainly as a lodgement till. The third, sandy 
till is homogenous and loosely packed having round-
ed pebbles and boulders of which composition rep-
resents quite local bedrock composition. Clear fabric 
shows west-east orientation.
In the middle of the test site exists northeast-south-
west oriented stratified sand deposit, which is almost 
totally till-covered (Fig. 23) except for the central ar-
eas, where there is only a thin layer of shore depos-
it of Ancylus Lake above the sands. The thickness of 
the deposit was at its highest about 4–5 meters (ob-
servation from the earlier percussion drilling done by 
GTK) but in the test pits 1–2 meters. Planar or gen-
tly gross beddings are sediment structures in depos-
it. In places sand deposits are exposed and can be fol-
lowed in some sand pits on the northern and south-
ern sides of the test site.
6. Quaternary lithostratigraphy and 
flow directions
Based on observations made from the test areas and 
the published data (cf. Kujansuu, 1967; Korpela, 
1969; Mäkinen, 1979; Sutinen, 1992; Hirvas, 1991), 
three till beds with two inter-till layers including or-
ganic material have been observed in southern Finn-
ish Lapland (Fig. 24). Lithostratigraphy, descriptions 
and formal names in the area of Peräpohjola are pre-
sented in Table 1 and their correlation in Table 2. A 
whole stratigraphical sequence is proposed to name 
the Peräpohja Group.
Two observations of the lowest and oldest till bed, 
not found during the present study have been pre-
sented, one from Kauvonkangas, near the village of 
Tervola (Mäkinen, 1979) and another from Saaren-
kylä, of the centre of Rovaniemi (Sutinen, 1992). 
The till, named the Saarenkylä Till (Sutinen, 1992), 
is grey and very compact in structure and was depos-
ited during the west-southwest glacial flow. The same 
direction is also seen in striations observed from the 
area and from western Lapland (Kujansuu 1967; Hir-
vas 1991). The Saarenkylä Till was interpreted to be 
from the Saalian glaciation (Sutinen, 1992). This cor-
relates well with till stratigraphy from central Lapland 
(Till bed IV), where numerous observations of older 
till beds and inter-till layers have been identified (e.g. 
Hirvas & Nenonen, 1987; Hirvas, 1991; Helmens et 
al., 2000). This area has repeatedly been the core area 
of glaciers.
Above Saarenkylä Till exist about 2 m thick Saa-
renkylä Gytja composed of organic gytja and silt 
(Sutinen, 1992). Based on Pinus- and Betula-rich pol-
len content but rather low Alnus amount and the ab-
sent of Quercus, this gytja can be interpreted as Eemi-
an or Early Weichselian deposit.
The second till bed, named the Kemijoki Till 
(Sutinen, 1992), which in the present study oc-
curs as the lowest till unit at the test sites at Kort-
telivaara,  Sihtuuna  and  Vammavaara,  is  charac-
teristically bluish grey in color. The very compact 
structure is due to the clay-rich matrix and over-
consolidation caused by the glacial override. The 
amount of organic material is also high, because 
this till bed is the first one deposited after the Eemi-
an interglacial and it includes, for example, bot-
tom sediments from marine and lacustrine environ-
ments (cf. Iisalo, 1992, 2003). This till bed corre-
lates with the so-called dark till (cf. Rainio & La-90  P. Sarala
Fig. 24. Generalized stratigraphy of the study area showing various lithofacies and their interpretation and correla-
tion. Stratigraphy is a composition of observations made during present study and earlier presentations in the lit-
erature (e.g. Korpela, 1969; Mäkinen, 1979; Aario, 1990; Sutinen, 1992). Arrows depict mean glacial flow direction 
in different till units.
hermo, 1984) and was at first time described by 
Korpela  (1969)  from  the  Kemijoki  basin.  Later, 
Aario & Forsström (1979), Hirvas (1991) and Suti- 
nen (1992) completed many observations of the till 
in southern Finnish Lapland. Sutinen (1992) inter-
preted the Kemijoki Till to be deposited during the 
Early Weichselian glaciation, when the margin of ice 
sheet reached only to the Pudasjärvi area. The gen-
eral flow direction during this glacial advance was to 
the southeast. Also Ber & Kujansuu (1974), Mäkin-
en (1979) and Hirvas (1991) presented this till bed 
as the first Weichselian till bed in the area.
Afterwards, the climate became somewhat warm-
er and the ice melted away from the Peräpohjola area. 
Korpela (1969) described fine-grained sediment units 
and organic layers of Peräpohjola Interstadial above 
the Kemijoki Till to be in situ. Some observations, in 
which the deposits are also interpreted to be in situ, 
have been done from the central Lapland (Hirvas & 
Nenonen, 1987; Helmens et al., 2000). The sand de-
posit called the Sihtuuna Sands within the Sihtuuna 
moraine ridges can be interpreted to be an interstadi-
al deposit based on the glaciotectonic faults and shear 
structures at surficial parts of the sands as a mark of 
glacial re-advance and the existence of periglacial in-
volution structures in the redeposited sand lenses and 
layers.
The third till bed, Tervola Till, is composed of 
three till units (till members) (Fig. 25). A lower till 
member, Vammavaara Till, is grey, compact sandy 
till having well-developed fabric towards the south-
east or the east. Sandy layers and laminae with shear 
structures in the surficial parts indicate deposition as 
lodgement till. The second till member, Petäjävaara     Weichselian stratigraphy, geomorphology and glacial…  91
Table 1. Quaternary lithostratigraphy, unit descriptions and formal names in Rovaniemi-Tervola area. A whole strati-
graphic sequence is proposed to name as the Peräpohja Group.
ä
Table 2. The correlation of Quaternary lithostratigraphy with earlier studies in the area of southern Finnish Lap- 
land.92  P. Sarala
Till, existing only in the upper part of the ribbed mo-
raine ridges (Fig. 25), has a characteristically rough 
(often gravelly) matrix, including large boulders and 
is composed of material that was transported only a 
very short distance. Fine-grained or sandy layers and 
lenses with shear structures are also typical. Stones 
and boulders are more angular than beneath and their 
rock types reflect the composition of underlying bed-
rock. Also, in the fine fractions of till local phenome-
na is characteristic, which is seen in till geochemistry 
and heavy mineralogy as for example, high gold and 
copper concentrations on a distal side of the miner-
alized bedrock (cf. Peuraniemi, 1982; Sarala et al., 
1998; Sarala & Rossi, 1998, 2000). The number of 
large boulders increases upward and the surface of 
ridges is strewn with them. For example, in the Sih-
tuuna moraine area the phenomenon is distinct, al-
though all the properties described above are com-
mon throughout the ribbed moraine area in southern 
Finnish Lapland.
The third uppermost till member, Korttelivaara 
Till, is very variable of its structures and composi-
tion. In places it has quite homogenous structure 
and rock fragments represents local bedrock com-
position, but commonly it consists great amounts 
of stratified sediments as lenses and layers, also con-
volution and shear structures are common reflect-
ing deposition as melt-out or flow tills. Relative long 
transport of rock material can also be typical for this 
till. One reason for great variation is that at the end 
of deglaciation, the presence of the water body of 
Ancylus Lake caused the till material released from 
the melting ice to be deposited as waterlain till or as 
washed sediments above earlier deposits. Also, some 
stratified sands and fine-grained sediments were de-
posited.
Fig. 25. Composition stratigraphic log of ribbed moraines in the Rovaniemi-Tervola area, southern Finnish Lap-
land, showing various lithofacies and their interpretation. Arrows depict mean glacial flow direction in different till 
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As the water level went down due to isostatic uplift 
and later, as the channel to the North Sea was opened 
in the south, shore plains with washed boulder fields 
formed on the slope of hills and the layers of mas-
sive shore deposits or stratified sediments called as the 
Suolijoki Formation were deposited on a lower lev-
el. For that reason the surface of morainic landscape 
was commonly covered with washed shore deposits in 
south-western Finnish Lapland.
7. The relation of glacial morphology 
to glacial dynamics
Glacial erosion was strong in the area of active ice 
lobes during the last glaciations in southern Finnish 
Lapland. In large areas, older glaciogenic deposits and 
bedrock surface were intensively worn out and the 
thickness of overburden is low. Variable bedrock com-
position influenced glacial erosion in relatively wide 
areas, resulting in the low bedrock relief. Only higher 
hill areas composed mainly of quartzites, formed ob-
stacles to glacial flow and river basins, large fracture 
zones and other topographic depressions were reser-
vations for sedimentary sequences. Glacial morphol-
ogy older than the Late Weichselian was also protect-
ed from glacial erosion under the frozen bottom of 
glacier’s core.
According to striae, till stratigraphy and the orien-
tation of moraine landforms, only three glacial phas-
es are identified in the area. Although, the observa-
tions of the Saarenkylä Till are minor, the southwest-
ern stone fabrics indicate a more southern location of 
the ice divide during the deposition compared with 
the position of divide zones during the later glacial 
phases (Fig. 24).
The Kemijoki Till represents the glacial phase when 
glaciers reached the level of southern Finnish Lap-
land and the older drumlin fields were formed with 
a north-northwest orientation. Older drumlin field 
with drumlins large in scale was preserved only under 
cold-bed conditions and later, beneath the Ranua in-
terlobate in the area of Kemi and Ranua during the 
last deglaciation. In the areas of active ice lobes, the 
Kemijoki Till was preserved in river basins and under 
a shelter of bedrock elevations. A series of marginal 
formations from the town of Pudasjärvi to the north-
west indicates a slow retreating rate and maybe oscil-
lations during that deglaciation.
In this study, two observations have been made of 
the older, till-covered stratified sediments. At the Kort-
telivaara site, in the middle of a moraine hill, sand de-
posits (in Fig. 22) are part of the northeast-southwest 
oriented stratified formation of which Sarala (1997) 
has interpreted to be a part of marginal formation that 
has survived under later glacial advance and erosion 
between the bedrock hills. At the Sihtuuna site, the 
deepest parts of the minor ribbed moraine ridges are 
also composed of the Sihtuuna Sands. The sands can 
be followed through the central ridge area in south-
west-northeast direction. Planar bedding and small-
scale cross lamination gives an impression of a rest-
ful meltwater stream discharging into the deep water-
body. This formation is interpreted as a glaciofluvial 
delta, which was deposited during the short standstill 
of the glacier margin in its retreat stage (Fig. 26). Lunk-
ka & Gibbard (1996) have described a similar deltaic 
formation in southern Finland. Meltwaters flowed en- 
or supraglacially rather than subglacially because the 
melt-water channels are not known to exist along the 
northwestern side of the Sihtuuna moraines. However, 
that area is poorly examined and it is possible that the 
till-covered eskers may exist.
Before the third glacial phase, ice-free, interstadi-
al phase existed in southern Finnish Lapland. Climate 
favored peat and birch forest to grow although mean 
temperature was not high. Periglacial structures like 
ice-wedge casts and involution marks in old glacio-
fluvial or marginal formations (cf. Mäkinen, 1999) 
and in the surficial parts of the Kemijoki Till are the 
remnants of the cold phase at the end of interstadi-
al. Since the formation of those structures requires a 
mean temperature of less than -5°C (cf. Lagerbäck, 
1988b), the ground was presumably totally frozen 
during the growth of next glacier.
The third glacial phase has had a major influence 
on formation of the present glacial morphology. The 
central areas of the glacier were cold-based and stag-
nant, preserving the old morphology. Marginal parts, 94  P. Sarala
especially during deglaciation were divided into the 
active lobes and passive interlobate areas (Fig. 6; e.g. 
Aario & Forsström, 1979; Punkari, 1984). Stream ve-
locity in the active lobes was high, at least during the 
late stages of deglaciation as estimated by Kleman et 
al. (1997) and Arnold & Sharp (2002). The moraine 
assemblage from the transversal ridges to streamlined 
formations developed. Particularly in the areas of the 
Kuusamo and Oulu ice lobes (in Fig. 6), an associa-
tion of ribbed moraine-drumlin-fluting morpholo-
gies dominates (cf. Aario 1977b, 1990). The same 
type of formation assemblage also exists in the archi-
pelago in western Finland (Breilin et al., 2004).
During deglaciation, when the glacial margin was 
in the area of Karelia, Russia, ice lobes from Kuusamo 
and Oulu initially flowed parallel to each other from 
the west to the east (cf. Aario & Forsström, 1979). 
As the melting phase progressed to the level of east-
ern Finland, the ice lobes began to separate. An inter-
lobate zone existed from the village of Taivalkoski to-
ward the west. The hill area surrounding Iso-Syöte (in 
Fig. 4), on the northeastern side of the town of Pu-
dasjärvi was a natural divide for ice lobes. After sepa-
ration, the Oulu ice lobe continued to flow from west 
to east, but the Kuusamo ice lobe shifted the interlo-
bate area and the flow direction was from the west-
northwest to the southeast. Later, the flow direction 
of the Kuusamo ice lobe developed so that in the area 
of Kemijärvi-Rovaniemi-Tervola it was from west to 
east and in western Finnish Lapland from the north-
west. This development can be also followed in stone 
fabrics and esker directions. Some divergent fabrics 
and striae observations have been done in the study 
area, but they are mostly due to local variation of gla-
cial flow direction, for example near the higher hills 
and valley basins.
The Ranua interlobate area between the active 
ice lobes was cold-based, stagnant and non-eroding. 
Sutinen (1992) presented many western fabrics at 
surficial parts of older drumlins, which are indicative 
Fig. 26. Simplified model of deposition of stratified sediments as a subaquatic ice-contact fan in the middle of Sih-
tuuna area. Sands with planar bedding and small-scale cross lamination are largely occurring in a lower part of the 
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of weak glacial flow at the latest phase of deglaciation. 
Also, some west-east oriented, streamlined features 
were found superimposed on drumlins and in places, 
the center of drumlins was distended on the eastern 
side. The movement and activity of the ice stream was 
insignificant to form its own morphology. Presum-
ably, this interlobate area stayed passive to the end of 
deglaciation and just melted in place. The northern 
edge toward the Kuusamo ice lobe is sharp, which is 
clearly seen for example in the Portimojärvi area (in 
Fig. 4) where the younger ribbed moraine field cuts 
the older drumlin field. Only a few unique, north-
west-southeast oriented drumlins or drumlinoids can 
be distinguished within the area of the ribbed mo-
raines. On the southern edge, the interlobate com-
plex continued through Taivalkoski and Pudasjärvi to 
the western coast.
8. Ice sheet and landform develop-
ment and the age of glacial phases
As pointed out earlier, the organic inter-till layers have 
had a significant role when creating glacial chronolo-
gy in northern Finland. But as reliable dating meth-
ods were not in use, the chronology was tied only to 
till stratigraphy and pollen composition (e.g. Hirvas, 
1991; Helmens et al., 2000). Instead, the use of gla-
cial landforms and their associations as reconstruct-
ing glaciers behavior and ice sheet development has 
been minor (Sutinen, 1992). For that reason the gla-
cial morphology and glacial dynamics were put to-
gether with till stratigraphy and present chronolog-
ical data to re-examine time-transgressive glacial his-
tory in southern Finnish Lapland and surrounding 
areas.
The  hypothesis  when  modeling  ice  sheet  and 
landform development was that the mass of glaciers 
was many times smaller during the Early Weichse-
lian than later as latest estimations made by Siegert et 
al. (2001), Arnold et al. (2002), Fabel et al. (2002), 
Fredin (2002), Näslund et al. (2003) and Forsström 
(2004) point out. Fennoscandia was almost ice-free or 
only a little glaciated in mountain areas while greater 
glaciers existed elsewhere. For example, according to 
Svendsen et al. (1999) and Mangerud et al. (2001), 
areas of northern Russia and the Barents Sea were 
largely ice-covered during oxygen isotope stage (OIS) 
5b (95–85 ka). During the Middle and Late Weich-
selian glaciations, the mass and extent of glaciers in 
those areas decreased but increased in the Fennoscan-
dia area over time (Svendsen et al., 2004). These esti-
mations are important and prove that under different 
circumstances the mass, extent and behavior of gla-
ciers around the Northern Hemisphere can vary sig-
nificantly.
Another hypothesis was that even if the origin of or-
ganic, inter-till deposits was presented to be redepos-
ited interglacial (Eemian) sediments (e.g. Forsström, 
1991, 1995; Forsström & Punkari, 1997), the con-
trary view for that is several observations of organ-
ic intermediate layers stratigraphically in a logical po-
sition in till sequences and sample profiles (Hirvas et 
al., 1977; Hirvas, 1991; Saarnisto et al., 1999; Hel-
mens et al., 2000). It is also worth noting that organ-
ic layers are usually very thin and probably represent 
only the deepest and oldest part of the deposits while 
the upper parts were eroded away.
8.1. Model 1
In the latest investigations (Helmens et al., 2000; 
Lunkka  et  al.,  2004;  Saarnisto  &  Lunkka,  2004; 
Svendsen et al., 2004), the first Weichselian glacia-
tion that reached the area of northern Finland was in-
terpreted to occur in OIS 5b. In the first phase (Fig. 
27a), the glacial margin advanced to southern Finn-
ish Lapland, on the southern side of the town of Pu-
dasjärvi, and the northwest-southeast oriented drum-
lin field and a series of marginal formation were de-
posited as presented by Sutinen (1992). The drumlin 
field with same orientation can be followed as far as 
central Lapland, where unique forms or their relicts 
can be distinguished. The Peräpohjola Interstadial 
followed during the first interstadial at stage 5a (85–
74 ka) and correlates with the Odderade Interstadi-
al (cf. Nenonen, 1995; Lunkka et al. 2004). During 
the second phase (Fig. 27b), the Middle Weichselian 
glaciation advanced at least to southern Finland (cf. 96  P. Sarala
Svendsen et al., 2004), but because evidence of the 
second interstadial is missing, this glaciation has con-
tinued to the end of the Late Weichselian without 
a break. The association of ribbed moraines, drum-
lins and flutings was thus formed during the last de-
glaciation.
During the earliest sub-stages of the Weichselian 
(e.g. 5c and 5d), the ice sheet probably did not cover 
northern Finland (cf. Svendsen et al., 2004), so sub-
stages 5b and 5a may be the oldest phases when the 
Kemijoki Till and the following interstadial peat de-
posits could have been deposited. This is not in con-
flict with the observations made from southern Finn-
ish Lapland. However, the observations of dark grey 
till in central and western Finland (may be correlative 
with the Kemijoki Till in southern Lapland) are prob-
lematic, because the till was interpreted have been de-
posited during the Early Weichselian sub-stage before 
interstadial deposits (Iisalo, 1992, 2003; Nenonen, 
1992, 1995). If this is true, the first Weichselian gla-
ciation must have reached much farther than the Pu-
dasjärvi area or there may have been separate, western 
ice streams in the area of western Finland (cf. Lund- 
qvist, 1992) (Fig. 27a).
8.2. Model 2
Another interpretation can explain the chronology 
well, at least in the case of northern Finland. If the Ear-
ly Weichselian glaciation (85–95 ka) was many times 
smaller than earlier thought, the glacier covered only 
the northernmost area of Finland (Fig. 28a), but not 
southern Finnish Lapland (cf. Siegert et al., 2001; Ar-
nold et al., 2002; Fabel et al., 2002; Fredin, 2002; Näs-
Fig. 27. Model 1: The first interpretation of glacial morphological and stratigraphical development during the Weich-
selian in southern Finnish Lapland, a) Phase I, where the Early Weichselian glaciation advanced to the level of Ou-
lainen and Pudasjärvi (cf. Lundqvist, 1992). Glacial flow directions of ice streams are depicted as arrows. The glacia-
tion was followed by the Peräpohjola Interstadial, b) Phase II, where the Middle Weichselian glaciation covered the 
whole of Finland and might be lasted to the end of Late Weichselian without a break.    Weichselian stratigraphy, geomorphology and glacial…  97
Fig. 28. Model 2: The second interpretation of glacial morphological and stratigraphical development during the 
Weichselian in southern Finnish Lapland, a) Phase I, where the Early Weichselian glaciation covered only the area 
of central Lapland and southern Finnish Lapland stayed ice-free, b) Phase II, where the Middle Weichselian glacia-
tion initially covered southern Finnish Lapland advancing at least to the level of southern Finland (cf. Svendsen et 
al., 2004). Marginal formations in northern Finland were formed during the first deglaciation. The interstadial fol-
lowed during oxygen isotope stage 3 before the Late Weichselian glaciation.
lund et al., 2003). This is supported by the observa-
tions from middle and eastern Finnish Lapland where 
three Weichselian till beds can only be found in the 
same sections (Sutinen, 1992 and reference within; Jo-
hansson, 1995; Helmens et al., 2000). It was not until 
the Middle Weichselian (OIS 4), when the glacier ini-
tially advanced to southern Finnish Lapland and might 
have covered the whole of Finland, too (Fig. 28b). The 
till that was deposited during that glaciation was the 
Kemijoki Till in southern Lapland and northwest-
southeast drumlin field was also formed.
The ice-free period would have lasted 40 000–50 
000 years after the Eemian interglacial if not count-
ing northernmost Finnish Lapland. This time scale 
should be enough for the isostatic uplift to reach a 
normal, balanced stage after the Saalian glaciation and 
as a result, the bottom of the Bothnian Sea could have 
been at a higher level, maybe 90–100 m higher than 
present (cf. Nenonen, 1995). That is why the hydrog-
raphy throughout the central and northern Finland 
has been different compared with the Holocene peri-
od. Afterwards, a lot of the sulphide rich, fine-grained 
sediments were easily eroded away during the subse-
quent glaciation. This explains the high concentra-
tion of sulphur and the large amount of clays and or-
ganic matter in the Kemijoki Till.
The Middle Weichselian glaciation lasted only 15 
000–20 000 years and a series of marginal formations 
from Pudasjärvi towards to northwest formed during 
the melting phase of that ice sheet. The ice-free peri-
od began about 50–55 ka ago and may have lasted up 
to 30–25 ka ago as Lunkka et al. (2001) and Svend-98  P. Sarala
Fig. 29. Summary and correlation of the interpretations of glacial morphological and stratigraphical development dur-
ing the Weichselian. The main places and events of southern and central Finnish Lapland (marginal stages of retreat 
phase from Pudasjärvi towards the north (cf. Sutinen, 1992), Peräpohjola Interstadial (Korpela, 1969) and the glacial/
interstadial phases observed in Sokli (Helmens et al., 2000)) used in the correlation have also been presented.
sen et al. (2004) have estimated. Some TL and OSL 
dating of the samples taken from the same sections as 
the 14C samples (of age 40–55 ka) have given some-
what similar age estimates (Punning & Raukas, 1983; 
Hütt et al., 1984; Nenonen, 1995; cf. also Forsström 
& Punkari, 1997). The latest TL (37 ± 0.5 ka – 55 
ka) and OSL (41 ± 2 ka – 66 ± 5 ka) ages (Mäki- 
nen, pers. commun. 2005) also support that phe-
nomenon. Furthermore, the age determinations of 
mammoth and reindeer bones from southern Finland 
and even from southern Finnish Lapland have prov-
en that Finland might have been ice-free even at the 
end of Middle Weichselian (Ukkonen et al., 1999; 
Lunkka et al., 2001; Lõugas et al., 2002). According 
to this evidence, the last glacial advance was estimat-
ed to have begun about 25–30 ka ago in Finnish Lap-
land (Lunkka et al., 2004; Svendsen et al., 2004).
The thought of an ice-free stage during that time 
is unavoidable given the re-examination of 14C ages 
clustering around 40–55 ka, even if there is a great 
uncertainty among radiocarbon ages older than 40 
ka (cf. Nenonen, 1995 and the references within; Ki-
tagawa & van der Plicht, 1998). However, in the lat-
est studies the accuracy of radiocarbon method has 
been proved to be good in the sections older than   
50 000 years BP (Voelker et al., 2000; Hughen et al., 
2004; Fairbanks et al., 2005). Model 2 gives a possi-
bility for these ages to be correct (Fig. 29, interpreta-
tion 2). If the lowermost parts of the interstadial de-
posits are only remaining, 14C age estimations over 
40 ka could be correlated with the beginning of the 
Middle Weichselian warm stage and correspond with 
the ages of the mammoth and reindeer bones. 
In Model 2, the Kemijoki Till observed as far as 
southern Finland was deposited during the Middle 
Weichselian glaciation before the interstadial. Varia-
tion of stone fabrics in this till bed is followed by the 
separation of the ice margin by the ice lobes in the     Weichselian stratigraphy, geomorphology and glacial…  99
same way as during the latest deglaciation. Till-cov-
ered, marginal formations in Pudasjärvi and to the 
northwest were deposited during the melting stage 
of the Middle Weichselian glaciation. Marginal for-
mations in southern Finland might have eroded away 
during the Late Weichselian glacial advance or they 
were not observed because of till cover or their oc-
currence in relation to younger, marginal formations. 
Furthermore, if southern Finland was glaciated for 
the first time during the Middle Weichselian, organic 
material from the Early Weichselian (occurring as in-
termediate layers between till units in Ostrobothnia) 
is probably a result of redeposition.
Model 2 can be also correlated with observations 
made from northern Sweden (e.g. Lagerbäck, 1988a, 
b; Lagerbäck & Robertsson, 1988; Lundqvist, 1992), 
where two interstadials were interpreted. However, as 
Robertsson & García Ambrosiani (1988) and Gar-
cía Ambrosiani & Robertsson (1992) have present-
ed, only one inter-till (interstadial) bed interpreted to 
be of Early or Middle Weichselian age existed in the 
coastal area of eastern Sweden. If compared to the lat-
est estimations of ice sheet extents during the Weich-
selian, the Early Weichselian glaciation was also small 
in Sweden and probably existed only in the north-
ernmost or western areas. Thus, the glacial history of 
eastern Sweden can also be correlative with the model 
presented here. As well, the Tärendö Interstadial pre-
sented by Lagerbäck & Robertsson (1988) in north-
eastern Norrbotten might be comparable with the 
Middle Weichselian Interstadial during OIS 3.
9. Conclusions
The area of southern Finnish Lapland is situated close 
to the central areas of the former glaciations. Quater-
nary lithostratigraphy of the area is proposed to call as 
the Peräpohja Group which is composed of three till 
beds and two inter-till, stratified minerogenic sediment 
layers containing in many places organic material. The 
Saarenkylä Till dates back to the Saalian glaciation and 
the lower organic sediment deposit named as Saaren-
kylä Gytja represents the Eemian interglacial. The oth-
er till beds, the Kemijoki Till and the Tervola Till with 
till members of the Vammavaara Till, Petäjävaara Till 
and Korttelivaara Till are deposits of the Weichselian 
glaciation. The second organic inter-till deposit in be-
tween the Kemijoki Till and the Tervola Till, indicate 
an ice-free phase called as the Peräpohjola Interstadial 
from the Weichselian glaciation. The Sihtuuna Sands 
within the Sihtuuna moraine ridges can be compared 
with that interstadial phase. The gravelly and sandy 
shore deposits at the surficial parts of moraine surface 
represent proglacial Ancylus Lake stage and are named 
the Suolijoki Formation.
Glacial morphology depicts two active, Weichse-
lian glacial advances with good indications of glacial 
flow directions. An older glacial phase with northwest-
southeast orientation is seen as a drumlin field that 
was preserved under the cold-based, Ranua interlobate 
area. The ribbed moraine-drumlin-fluting assemblage 
correlates with the Late Weichselian glaciation and rep-
resents a younger glacial phase indicating ice lobe flow 
patterns and dynamics during deglaciation.
According to the development of the Weichselian 
glacial morphology and stratigraphy and correlation 
with present available chronological data, two models 
have been constructed:
1. In the first model, the Kemijoki Till and the 
northwest-southeast oriented drumlin field were de-
posited during the initial glacial phase occurred dur-
ing the Early Weichselian. The Peräpohjola Till and 
the west-east oriented ribbed moraine-drumlin-flut-
ing assemblage represent the second glacial phase 
from the beginning of the Middle Weichselian to the 
end of the Late Weichselian. The interstadial phase 
occurred at the end of the Early Weichselian. 
2. In the second model, the first Weichselian gla-
cial advance was quite modest in extent and covered 
only the area of northern Finland. It was not until the 
Middle Weichselian when the glacier reached south-
ern Finnish Lapland for the first time. If so, the first 
warmer stage (interstadial) was at the end of Mid-
dle Weichselian, meaning that TL and OSL ages and 
most of the 14C age estimations about 40 ka and 
somewhat older may be correct. Finally, the intersta-
dial was followed by the relatively short but very in-
tensive and large Late Weichselian glaciation.100  P. Sarala
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